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Tbjective: Although many trials have been conducted to evaluate the benefits of
ff-pump coronary surgery, few have concentrated on graft patency. We sought to
valuate the impact of off-pump surgery on completeness of revascularization and
raft patency compared with conventional surgery.
ethods: A systematic literature search was undertaken of all randomized trials of
ff-pump coronary surgery in MEDLINE, EMBASE, the Cochrane Library Con-
rolled Trials Register, the National Research Register, and abstracts from major
onferences.
esults: In total, 132 publications were identified. From this number, we excluded
3 without a conventional surgery arm and 80 that did not evaluate graft patency.
ne trial was excluded for selective angiography and one abstract was excluded
ecause of insufficient information. A total of 7 trials were eligible for overview. On
nitial analysis, the relative risk of graft patency in off-pump coronary surgery
ompared with conventional surgery was 0.959 (95% confidence interval 0.936-
.983; P  .001). The analysis was repeated after excluding one specific trial
ecause of clinical and statistical heterogeneity (26  27.78; P  .001), and a
elative risk of 0.953 (95% confidence interval 0.927-0.980; P .001) was obtained
ith no further evidence of heterogeneity (25  5.35; P  .374). In 5 trials that
ncluded the mean number of grafts performed per arm, the standardized mean
ifference in revascularization comparing off-pump with conventional surgery was
0.164 (0.286 to 0.043; P  .008).
onclusion: In a meta-analysis of randomized trials, patients undergoing off-pump
oronary surgery had a lower rate of revascularization and lower graft patency than
id patients undergoing conventional coronary surgery.
nthusiasm for off-pump coronary artery bypass surgery has been ignited by
concerns of the adverse effects of cardiopulmonary bypass that is used to
support the circulation while the heart is stopped to perform the microvas-
ular anastomoses. In 2003, the hope of reducing possible complications associated
ith cardiopulmonary bypass has encouraged cardiac surgeons to perform 17% of
oronary operations in the United Kingdom and 21% of coronary operations in the
nited States without the use of cardiopulmonary bypass.1
Many trials have been conducted to evaluate the benefits of off-pump coronary
urgery, but few have concentrated on safety. A fundamental aim of coronary
urgery is to fashion a perfect anastomosis to deliver blood to the ischemic
erritories of the myocardium. Unlike conventional techniques that use cardiopul-
onary bypass, microvascular anastomoses performed on the beating heart without
ortic crossclamping can result in a degree of movement and native coronary blood
ow that may obscure the operative field. The heart may less amenable to manip-
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CDlation with a ventricle that is tense with blood, and there-
ore optimum positioning may need to be balanced against
he ability to achieve satisfactory cardiac output.
As off-pump surgery becomes more popular, the evalu-
tion of the impact of the aforementioned technical factors
n vascular graft patency and the ability to achieve com-
lete revascularization compared with convention surgery is
mperative.
ethods
e performed a systematic review and meta-analysis of random-
zed trials comparing off-pump and conventional coronary surgery.
earch Strategy
systematic literature search was undertaken of MEDLINE (1966
o October 2005), EMBASE (1974 to October 2005), and the
ochrane Library 2005, Issue 4. To maximize the sensitivity of the
earch strategy, we aimed to identify all published and unpublished
andomized trials of off-pump coronary surgery (Appendix A).
here available, abstracts from major cardiology and cardiotho-
acic surgery scientific meetings from 2003 to 2005 were hand-
earched. Reference lists of all relevant studies were reviewed and
ttempts were made to contact authors of previous trials.
tudy Selection
ll randomized controlled trials evaluating off-pump coronary
urgery were included. No restrictions were placed on abstracts,
onference proceedings, or language. Our exclusion criteria in-
luded trials that did not include a conventional surgery arm, trials
hat did not report vascular graft patency as an outcome, and trials
f selective coronary angiography. A given patient population was
sed only once; if the same population appeared in other publica-
ions, the article that provided the most complete follow-up angio-
raphic data was selected. We did not assume that technical factors
ould only influence early graft patency; therefore, if vascular graft
atency was assessed on more than one occasion, the results at the
ongest follow-up were used. Our rationale is that the background
actors influencing graft patency are constant and assumed to be equal
n both arms because of randomization, whereas the time interval
nvolving differences in operative technique that might affect
ascular graft patency is unknown. Individual studies were eval-
ated on blind assessment of outcome, expertise of surgeons, and
umber of patients undergoing angiography.
ata Abstraction
wo investigators independently assessed articles according to the
redetermined eligibility criteria, and discordances were resolved
y consensus review. Graft patency was evaluated by angiography
n all the trials. Where means were reported,2,3 the results wer
ransformed into absolute numbers by multiplication with the total
umber of patients who underwent angiography.
tatistical Methods
eta-analysis was performed by combining the results of graft
atency of off-pump compared with conventional coronary sur-
ery. A fixed effects model was chosen on the assumption that
ariation in the individual trial results occur about a true mean. p
410 The Journal of Thoracic and Cardiovascular Surgery ● Decensitivity analysis was performed by repeating the analysis using
random effects model, excluding data from abstracts, and using
arly data in trials that reported more than one time point for graft
atency. Statistical heterogeneity of trial results was tested by the
2 test of homogeneity and also expressed as I2: the proportion of
otal variability attributed to the individual trials as a measure of
nconsistency between studies (a value of 25% or less is regarded
s low).4 All statistical analyses were performed with Stata 
StataCorp, College Station, Tex).
esults
rial Flow, Characteristics, and Quality Appraisal
ur search strategy identified 132 publications, of which 43
ere excluded for not including a conventional surgery com-
arison arm, 80 were excluded owing to failure to report graft
atency as an outcome, 1 was excluded for selective angiog-
aphy,5 and the results from 1 abstract was not able 
ncluded because it did not detail sufficient information for
ata abstraction.6 No trials were excluded on the sole b
f duplication of reporting of graft patency.
Finally, the results from 7 published trials were identified
s eligible for overview and included in the meta-analysis
Tables 1 and 2). One was a single surgeon series,7 1 had
wo participating surgeons,8 2 had four participating su-
eons,3,9 1 had five participating surgeons,10 and in the res
he number of surgeons was not stated. Analysis was by
ntention-to-treat in 6 trials,3,7-11 and the method of analys
as unstated in the remaining. Intention-to-graft with a
respecified index was stated in 3 trials.3,8,11 Blind assess-
ent of outcome was stated in 5 trials.3,7,8,10,11 The use o
ystemic heparinization in the off-pump surgical arms was
tated in 3 trials with a dose of a half8 and a third3,9 of that
sed for cardiopulmonary bypass. Two trials used arterial
rafts exclusively,2,10 and 1 trial exclusively used a co-
osite inflow technique2 (in which all the grafts originat
rom the internal thoracic artery, without the use of aorta-
oronary proximal anastomoses). Three trials stated a spe-
ific criterion for graft patency (Fitzgibbon A or B).7,10,11
eta-analysis
he initial analysis included all 7 trials and obtained a
elative risk of graft patency in off-pump coronary surgery
ompared with conventional surgery of 0.959 (95% confi-
ence interval 0.936-0.983; P  .001). However, there was
vidence to suggest clinical and statistical heterogeneity of
rial results (26  27.78; P  .001). The variation in
elative risk attributable to heterogeneity (I2) was 78.4%.
he heterogeneity resulted from the inclusion of a clinical
rial of total arterial revascularization exclusively with com-
osite inflow,2 whereas in the remaining trials most or
he proximal anastomoses were performed onto the ascend-
ng aorta. The single trial using exclusive composite inflow
rafting2 was then excluded from further analyses of g
atency.
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A
CDIn the remaining 6 trials, the relative risk of graft patency
n off-pump coronary surgery compared with conventional
urgery was 0.953 (95% confidence interval 0.927-0.980;
  .001, Figure 1), with no evidence to suggest statis
eterogeneity (25  5.35; P  .374). The variation in
elative risk attributable to heterogeneity (I2) was reduced to
.6%.
Results from the sensitivity analyses were similar. With
random effects model, the relative risk was 0.958 (0.935-
.982; P  .001). When early graft patency results were
ubstituted in the 2 trials that evaluated in-hospital7 and
ntraoperative angiography,9 the relative risk was 0.97
0.947-0.995; P  .016) with significant heterogeneity
25  25.95, P  .001; I2 of 80.7%).
In the 6 trials that included the mean and standard
eviation of the number of grafts performed per arm,2,7-11
he standardized mean difference in revascularization com-
aring off-pump with conventional coronary surgery was
0.164 (0.286 to 0.043; P .008, Figure 2). There w
o evidence to suggest heterogeneity of trial results with
egard to mean number of distal anastomoses (24  3.68;
 .596). The variation in relative risk attributable to
eterogeneity (I2) was 0%.
iscussion
hereas excellent results have been published for off-pump
oronary surgery, most of the studies were nonrandomized.
ntil now, it remains uncertain whether the outcome of
ff-pump coronary surgery is similar to that of conventional
urgery with the use of cardiopulmonary bypass.12
Previous meta-analyses suggested lower rates of mycoar-
ial infarction, stroke, atrial fibrillation, and wound in
ion with off-pump coronary surgery13; however, the resul
igure 1. Relative risk of graft patency comparing off-pump with
onventional coronary surgery.re influenced by inclusion of 43 nonrandomized studies out t
The Journal of Thoracicf the 53 that were analyzed. When only randomized trials
ere included, a favorable but not statistically significant
omposite of death, stroke, and myocardial infarction was
eported in patients undergoing off-pump coronary surger14
he same message was reverberated by meta-analyses of
ndividual end points (of randomized trials); there were no
ignificant differences in major outcomes such as mortality,
troke, myocardial infarction, and renal failure, but im-
rovement was noted in selected outcomes such as lower
ransfusion and inotrope requirements, fewer respiratory
nfections, and shorter ventilation time, intensive care stay,
nd hospital stay.15,16
Reflective of the focus of previous studies, existing meta-
nalyses have focused mainly on clinical benefits. However,
e have chosen to focus on safety, with an outcome that
ost closely reflects the technical aspects of the differences
n two operative techniques, using meta-analysis to obtain
nsights into a question that could not be adequately ad-
ressed by small existing studies. Our results highlight that
he patients in the off-pump surgery arms of clinical trials
on average) received fewer grafts and had a poorer patency
ate than did their counterparts undergoing conventional
oronary surgery.
We are aware of a number of nuances specific to trials
valuating off-pump surgery. It is not possible for the stud-
es (surgeon) to be double blind, and the reporting of trial
esults is usually undertaken by enthusiasts of off-pump
urgery. Individually, the randomized trials were underpow-
red to detect small differences in graft patency, but most
uthors concluded similar patency rates between the two
urgical techniques, except in one trial in which the differ-
nce reached statistical significance.8
As with all surgical trials, the results are influenced by
igure 2. Standardized mean difference in the number of grafts
erformed in trials of off-pump compared with conventional cor-
nary surgery.he level of experience of the surgeon. Currently, the evi-
and Cardiovascular Surgery ● Volume 132, Number 6 1411
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A
CDence generated from randomized trials of off-pump sur-
ery represents data acquired from only a handful of sur-
eons. It is difficult to determine how applicable the results
re to a population of cardiac surgeons with different levels
f experience and ability, and the overall results of lower
raft patency achieved mostly by the experts in the field is
isconcerting. The pooled results revealing lower graft pa-
ency remained robust to the different assumptions as tested
y sensitivity analysis.
Although it is temping to conclude that a single large
rial should be conducted, we consider the results of several
mall to medium-sized trials performed by different sur-
eons in different patient populations, all yielding similar
eductions in graft patency (2%-10%), to be more convinc-
ng, because the results were consistent despite the presence
f greater variability. Certainly, if further trials are planned,
esearchers should consider calculating the sample size on
he basis of an equivalence design as opposed to a nonin-
eriority design such that important differences can be de-
ected if they exist. Further trials would help to determine
hether comparative patency improves with time and
hether our findings remain consistent with the results from
n increasing pool of surgeons.
otential Limitations
wing to insufficient data, we were unable to perform a
ubanalysis for differences in patency rates in the different
ABLE 1. Trial characteristics
irst author Journal Year
No.
randomized
No. of
surgeons
uneretto Ann Thorac Surg 2003 176 Not stated
athoe N Engl J Med 2003 281 Not stated
han N Engl J Med 2004 104 2
ingaas Heart Surg Forum 2004 120 4
uskas JAMA 2004 200 1
idimsky Circulation 2004 400 4
obayashi Circulation 2005 167 5
ABLE 2. Revascularization and graft patency outcomes
No. analyzed
in each arm
Mean (SD) no. of grafts
performed
uthor Off On Off On
uneretto 88 88 2.7 (0.5) 2.8 (0.8)
athoe 142 139 2.4 (1.0) 2.6 (1.1)
han 54 50 3.1 (0.6) 3.4 (0.7)
ingaas* 60 60 2.6 (0.9) 2.8 (1.0)
uskas 98 99 3.4 (1.04) 3.4 (1.08)
idimsky 208 192 2.3 (N/A) 2.7 (N/A)
obayashi 81 86 3.5 (1.00) 3.6 (0.9)D, Standard deviation. *Number who underwent angiography was reported a
412 The Journal of Thoracic and Cardiovascular Surgery ● Decascular territories of the heart or by conduit type. However,
oorer graft patency has been reported in the left anterior
escending territory8 as well as in non–left anterior -
cending territories.3 As all data were abstracted from r-
omized trials, it is assumed that the patients in both arms
ad a similar distribution of coronary disease.
Each graft unit is not independent. The factors affecting
raft patency that are constant within each individual can
ary between individuals (clustering). However, the same
egree of error is assumed to exist between both arms of a
andomized trial, negating any nondifferential effects. Only
ne trial adjusted for clustering by use of a generalized
stimating equation.7 Expressing count data (number 
rafts) as a mean value is not ideal owing to the necessary
istributional assumptions. However, that was the summary
tatistic provided by all trials.
linical Implications
ur results do not suggest that off-pump coronary surgery
hould be abandoned. Selective indications may exist, such
s the porcelain (heavily calcified) aorta in which off-pump
evascularization may avert extensive concomitant aortic
urgery.
However, the potential benefits of off-pump surgery need
o be interpreted in light of reduced revascularization, re-
uced graft patency, the impact of reduced graft patency on
ong-term survival,16 and reports of increased repeat int-
Blind
ssessment
f outcome
Conversion to
conventional
surgery, n (%)
Average
angiographic
follow-up time (d)
Proportion
undergoing
angiography, n (%)
ot stated 8 (9) 450 118 (67)
es 10 (7) 365 70 (25)
es 2 (4) 90 82 (79)
ot stated 7 (12) 90 115 (96)
es 1 (1) 385 153 (77)
es 20 (10) 365 255 (64)
es 0 (0) 21 167 (100)
No. who underwent
angiography (%)
No. of distal
anastomoses
No. of patent
anastomoses
Off On Off On Off On
60 (68) 58 (66) 162 162 161 161
28 (20) 42 (30) 69 89 63 83
43 (80) 39 (78) 130 130 114 127
60 (100) 60 (100) 140 163 124 153
76 (78) 77 (78) 251 260 235 249
23 (59) 132 (69) 283 356 197 264
80 (100) 78 (100) 280 305 261 294a
o
N
Y
Y
N
Y
Y1s 60 in each arm despite only 115 undergoing angiography.
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A
CDentions.13,17 Off-pump practitioners should be encourag
o audit their outcomes because surgical results from exist-
ng randomized trials performed by a handful of experts
ay not necessarily be applicable to their practice.
onclusions
n a meta-analysis of randomized trials, patients undergoing
ff-pump coronary surgery had a lower rate of revascular-
zation and lower graft patency than did patients undergoing
onventional coronary surgery.
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ppendix A. Search Strategy
he Following Search Strategy Was Used for the
ochrane Library:
1 MeSH descriptor CORONARY ARTERY BYPASS explode
ll trees, #2 coronary NEAR bypass, #3 coronary NEXT surgery,
4 coronary NEXT artery NEXT surgery, #5 cabg, #6 aortocoro-
ary NEXT bypass, #7 coronary NEAR graft, #8 (#1 OR #2 OR #3
R #4 OR #5 OR #6 OR #7) #9 opcab, #10 opcab, #11 off NEXT
ump, #12 off-pump, #13, off-pump, #14 beating-heart, #15 beat-
ng NEXT heart, #16 (#9 OR #10 OR #11 OR #12 OR #13 OR #14
R #15), #17 (#8 AND #16). This strategy was modified for use
n the other databases.
he Following Search Strategy Was Used for
EDLINE:
#1 MeSH descriptor CORONARY ARTERY BYPASS ex-
lode all trees, #2 coronary NEAR bypass, #3 coronary NEXT
urgery, #4 coronary NEXT artery NEXT surgery, #5 cabg, #6
ortocoronary NEXT bypass, #7 coronary NEAR graft, #8 (#1 OR
2 OR #3 OR #4 OR #5 OR #6 OR #7) #9 opcab, #10 opcab, #11
ff NEXT pump, #12 off-pump, #13, off-pump, #14 beating-heart,
15 beating NEXT heart, #16 (#9 OR #10 OR #11 OR #12 OR #13
R #14 OR #15), #17 (#8 AND #16) AND PTRANDOMIZED-
ONTROLLED-TRIAL.
he Following Search Strategy Was Used for
MBASE:
#1 Emtree descriptor CORONARY ARTERY BYPASS GRAFT,
2 Emtree descriptor CORONARY ARTERY BYPASS SURGERY,
3 Emtree descriptor OFF PUMP CORONARY SURGERY, #4 (#1
R #2 OR #3) AND CLINICAL-TRIAL. No language limitations
ere applied.
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